The formation of phenotypically mixed influenza virions in chicken embryos infected simultaneously with influenza A and B viruses was described as early as 1954 (3) . Since then the phenomena of phenotypic mixing and pseudotype formation have been extensively studied in several systems (13) . The studies, however, were mostly performed with the viruses belonging to nonrelated or distantly related groups (e.g., a retrovirus and vesicular stomatitis virus). As a rule, the mixing of the glycoproteins in the viral envelopes was studied, whereas little attention was paid to the inner components of the virion. The initial system used by Gotlieb and Hirst (3) , i.e., phenotypically mixed virions produced by coinfection of the cells with influenza A and B viruses, presents certain aspects lacking in the models with more distantly related viruses. Specifically, the major component of the virus nucleocapsid, NP protein, has a rather high degree of homology with the primary structure in influenza A and B viruses (7, 12) . For this reason, a kind of phenotypic mixing of NP proteins in viral nucleocapsids cannot be a priori ruled out. This paper presents data on the composition of the virions and cell-associated nucleocapsids formed in MDCK cells doubly infected with A/WSN/33 and B/Lee/40 viruses. The results suggest that nucleocapsids phenotypically mixed with respect to NP protein are formed in the course of the mixed infection, but they seem to be excluded from the progeny virions.
MATERIALS AND METHODS
The methods used for the propagation of A/WSN/33 and B/Lee/40 influenza viruses in chicken embryos, infectivity titration, infection and labeling of MDCK cells, virus purification, and the analysis of 14C-labeled proteins in polyacrylamide gel electrophoresis (PAGE), have been described in an earlier publication (4) . Virion RNA was extracted by the * Corresponding author.
pronase-phenol detergent method (6) and was analyzed in PAGE (2). 251I-labeling of RNA was performed as described by Bean et al. (1) . The hemagglutination inhibition test was performed as described by Tobita and Ohori (11 (Fig. 2) ; quantitative estimation was difficult, since the amounts of RNA segments were not strictly equimolar, and the deviations from equimolarity AIWS N133 were different for AIWSN/33 and B/Lee/40; besides, the bands of some A/WSN/33 segments coincided in the gel pattern with B/Lee/40 segments. However, on a qualitative level, in the yields in which AIWSN/33 NP protein predominated, the RNA segments of A/WSN/33 were also preponderant, whereas when the NP protein of B/Lee/40 was prevaling, its RNA segments also predominated ( Fig. 1 and  2) .
The ratio of NP proteins in the virions differed from their ratio in the infected cells. By the time the virus-containing culture fluid was harvested, the cells contained both NP proteins at the multiplicity ratios producing the virions with mostly A/WSN/33 NP protein (Fig. 1) . It seems that, during the mixed infection, A/WSN/33 nucleocapsid is more liable to be used for the incorporation into virions, whereas B/Lee/40 HA is a preferable material for the formation of the virion surface.
The next series of experiments was designed to reveal whether the same viral RNP segment may contain NP proteins of both viruses or, in other words, whether phenotypic mixing is possible at the level of the nucleocapsid formation. For this reason, the nucleocapsids were analyzed by immunoprecipitation, with subsequent PAGE of the precipitates. Virus yields containing NP proteins of both viruses were purified, the outer envelopes were lysed with lysis buffer, and the lysates were incubated with monoclonal antibody against A/WSN/33 NP protein. The immune complexes were adsorbed to protein A-containing S. aureus and analyzed in PAGE. The autographs revealed the band of A/WSN/33 NP protein alone, without any traces of B/Lee/40 NP (Fig. 3) . However, a different result was obtained with the lysates of doubly infected cells. In this case, the bands of both A/WSN/33 and B/Lee/40 NP proteins were registered in the PAGE patterns of the immunoprecipitates (Fig. 4) . This result was not observed in the control sample (an artificial mixture of the lysates of separately infected cells): A/WSN/33 NP alone was precipitated. This suggested that the presence of both NP proteins in the immunoprecipitates of the lysate of doubly infected cells was not due to their nonspecific aggregation in the lysate during the incubation with antibodies or during other procedures.
This result allowed us to suppose that at least a certain amount of heterologous nucleocapsids containing NP proteins of both viruses might be formed in the course of double heterotypic influenza infection. We attempted to verify this observation through an analysis of the RNA content of the immunoprecipitates. Our first attempts failed, since [3H]uridine-labeled viral RNA was degraded during the contact of the lysates with antiserum. To avoid this, we used the preadsorption of antibodies to the surface of S. aureus followed by specific immunosorption of the nucleocapsids to the antibody-covered bacterial sorbent. In these experiments, monospecific rabbit immune serum against influenza A NP protein was used. The PAGE analysis of RNA extracted from the immune complexes revealed the presence of both A/WSN/33 and B/Lee/40 RNA segments in the material obtained from doubly infected cells (Fig. 5 ). In the control mixture of the lysates of separately infected cells, only A/WSN/33 segments were revealed in the immune complexes. The same procedure of immunosorption-PAGE analysis was also applied to the cells labeled with "4C-amino acids (Fig. 6) . Again, both NP proteins were present in the immune complexes in the sample prepared from doubly infected cells, and a single band of A/WSN/33 NP was seen in the sample with artificial mixture.
Such results were obtained, however, only with potent antibody preparations, such as monoclonal antibody or polyclonal monospecific anti-NP serum. With much less potent (with respect to anti-NP antibodies) sera against whole virus, the results were less conclusive; the amount of heterologous NP in the immunoprecipitates was small (data not shown). We assumed that this may be due to a lower concentration of antibodies in the reaction mixture: A/WSN/33 NP molecules scattered in the structure of the alien nucleocapsid might require a higher concentration of antibodies for the formation of we performed an immunoprecipitation experiment with a range of concentrations of anti-NP antibodies. The ratio of heterologous NP in the immunoprecipitates increased with the increase of antibody concentration, whereas NP of A/WSN/33 alone was precipitated from the artificial mixture of lysates of separately infected cells at any concentration of the serum (Fig. 7) . on the inner components of the phenotypically mixed virions are scarce. It has been shown that, in a paramyxo-rhabdoviral system, RNA and the nucleocapsid protein of mixed virions are represented by rhabdoviral components (8) . However, for more closely related viruses, such as influenza viruses of various types, the situation might be expected to be different: there exists a rather high homology of the primary structure of influenza A and B NP proteins (7, 12) , and both viruses are morphologically and structurally very similar. The studies presented in this communication were designed to approach this problem through the use of radioimmunoprecipitation and PAGE analysis of the immune complexes. It was presumed that an RNP segment containing both influenza A and influenza B NP molecules would be precipitated by antibodies against influenza A NP protein so that both NP proteins would be registered in the PAGE pattern of the precipitate. The experiments with phenotypically mixed purified virus produced no such result; however, in the experiments with the lysates of doubly infected cells, both NP proteins were revealed in the immunoprecipitates. Since the cells were labeled for a long period of time, the labeled NP protein could be expected to be present mostly as an integral part of the nucleocapsids and not as a soluble protein (10) . There are reports on the association of NP protein with cellular structures (9) . This could have led to the coprecipitation of both NP proteins in the samples of doubly infected cells; however, our data on the RNA content of immune complexes cannot be explained on this basis. Another possibility is the association of nucleocapsids with cellular structures. In this case, a complex structure containing several segments of RNP of both viruses and cellular components would be bound by the antibodies against influenza A NP protein. However, the data on the dependence of the ratio of NP proteins in the immune complexes on the antibody concentration (Fig. 7) are not easily compatible with this suggestion. Besides, sucrose density gradient centrifugation of lysates of doubly infected cells revealed NP-containing structures predominantly in the 40S to 70S zone of the gradient; influenza RNP segments are usually expected here, but no "heavy" structures were detected (Fig. 8) The most straightforward explanation of our data seems to be the formation of nucleocapsids phenotypically mixed with respect to NP protein in the course of double heterotypic influenza infection. Since low concentrations of antibodies precipitated mostly "pure" A/WSN/33 nucleocapsids and since we could not reveal heterologous NP protein in the nucleocapsids precipitated from the virion lysate (Fig. 3) , it seems that the proportion of standard (homogeneous with respect to NP protein) nucleocapsids is rather high in the doubly infected cells. This suggests a fairly high degree of specificity in the RNP assembly, although the results are far from absolute selectivity. The selection of RNP into progeny virions seems to be more specific. Unfortunately, we were unable to obtain relevant results with the lysates of
[3H]uridine-labeled virions, since the larger RNA segments were degraded during the immunosorption of virion lysates.
Several other observations were made during these studies. The phenotypically mixed virus containing both hemagglutinin proteins in close amounts usually contained mostly A/WSN/33 NP protein and RNA, even though both NP proteins were abundant in the infected cell. It seems that, in the course of the mixed infection, influenza A RNP is more easily incorporated into virions than influenza B RNP, although the latter is readily used for the virion assembly in singly infected cells. One may speculate that this observation is somehow related to the NP distribution in the nucleocapsids; e.g., pure B/Lee/40 nucleocapsids (free from A/WSN/33 molecules and therefore suitable for the incorporation into progeny virions) may be scarce. Further studies are necessary to elucidate this point.
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